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EP 2 775 539 A2
Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based upon and claims the benefit of priority from Japanese Patent Application No.
2013-044914, filed on March 7, 2013, the entire contents of which are incorporated herein by reference.

FIELD
[0002] Embodiments described herein relate generally to a light-emitting device.
BACKGROUND

[0003] A light-emitting device using a light-emitting diode (LED) is composed principally of a combination of an LED
chip as an excitation light source and a phosphor. Various emission colors may be realized by the combination.
[0004] The combination of a blue LED chip which emits blue light and the phosphor is used, for example, in a white
LED light-emitting device which emits white light. A yellow phosphor complementary to blue color is principally used as
the phosphor. In addition, a three wavelength type white LED formed of the combination of the blue LED chip which
emits blue light, a green phosphor, and a red phosphor and the like is developed.

[0005] When a wavelength of the blue light being the excitation light source changes due to a temperature, a driving
current amount, manufacturing variation and the like, balance of yellow light, green light, or red light emitted by the
phosphors is lost and chromaticity change might occur. In this case, a problem of "color shift" that desired chromaticity
cannot be obtained occurs.

[0006] Especially, in a light-adjusting light-emitting device in which intensity of the white light is changed by change
in emission intensity of the blue LED, an emission wavelength of the blue LED changes due to change in driving current,
so that the problem of "color shift" is remarkable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a schematic cross-sectional diagram of a light-emitting device of a first embodiment;

FIG. 2 is a view illustrating an action and an effect of the first embodiment;

FIG. 3 is a view illustrating a wavelength shift amount of a yellow phosphor of the first embodiment;

FIG. 4 is a schematic diagram of a circuit configuration of a light-emitting device of a second embodiment;
FIG. 5 is a view illustrating chromaticity change of a light-emitting device of an example; and

FIG. 6 is a view illustrating chromaticity change of a light-emitting device of a comparative example.

DETAILED DESCRIPTION

[0008] A light-emitting device of an embodiment includes a light-emitting element emitting blue excitation light and a
first phosphor excited by the blue excitation light and emitting fluorescence. A peak wavelength of the fluorescence is
not shorter than 520 nm and shorter than 660 nm and the peak wavelength of the fluorescence shifting in the same
direction when a peak wavelength of the blue excitation light shifts. The first phosphor is one of a yellow phosphor
emitting yellow fluorescence, a green phosphor emitting green fluorescence, a yellow-green/yellow phosphor emitting
yellow-green/yellow fluorescence and a red phosphor emitting red fluorescence.

[0009] In this specification, blue light is intended to mean light with a maximum peak wavelength not shorter than 420
nm and shorter than 480 nm. Green light is intended to mean light with a maximum peak wavelength not shorter than
480 nm and shorter than 550 nm. Yellow light is intended to mean light with a maximum peak wavelength not shorter
than 550 nm and shorter than 600 nm. Red light is intended to mean light with a maximum peak wavelength not shorter
than 600 nm and shorter than 760 nm. Meanwhile, green or yellow light in a boundary area between green and yellow
is also referred to as yellow-green light. Yellow-green/yellow light is intended to mean light a the maximum peak wave-
length not shorter than 520 nm and shorter than 600 nm.

[0010] In this specification the "wavelength-shifting phosphor" is intended to mean a phosphor in which the peak
wavelength of the emitted fluorescence changes in accordance with change in the peak wavelength of the excitation light.
[0011] Embodiments are hereinafter described with reference to the drawings.



10

15

20

25

30

35

40

45

50

55
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First Embodiment

[0012] A light-emitting device of this embodiment includes a light-emitting element emitting blue excitation light and a
first phosphor excited by the blue excitation light and emitting fluorescence. A peak wavelength of the fluorescence is
not shorter than 520 nm and shorter than 660 nm and the peak wavelength of the fluorescence shifting in the same
direction when a peak wavelength of the blue excitation light shifts. The first phosphor is one of a yellow phosphor
emitting yellow fluorescence, a green phosphor emitting green fluorescence, a yellow-green/yellow phosphor emitting
yellow-green/yellow fluorescence and a red phosphor emitting red fluorescence.

[0013] FIG. 1 is a schematic cross-sectional diagram of the light-emitting device of the embodiment. Hereinafter, a
white light-emitting device in which the wavelength-shifting phosphor is a yellow phosphor and the blue excitation light
emitted by the light-emitting element and a yellow fluorescence emitted by the yellow phosphor are mixed to emit day
white color (color temperature of 5000 K) is described as ah example.

[0014] A light-emitting device 100 is provided with a mounting substrate 12 having a planar surface on which a light-
emitting element 10 is mounted.

[0015] A blue LED 10 is mounted on the planar surface of the mounting substrate 12, for example, as the light-emitting
element 10 which emits light with the peak wavelength not shorter than 420 nm and not longer than 460 nm, for example.
[0016] The blue LED 10 is an AlGalnN-based LED having a GalnN light-emitting layer, for example.

[0017] An element sealing transparent layer 18 formed of a hemispherical transparent resin is provided on the light-
emitting element 10. The transparent resin is a silicone resin, for example.

[0018] Further, a phosphor layer 20 having a semicircular outer peripheral shape in cross section perpendicular to the
planar surface is formed so as to cover the element sealing transparent layer 18. The phosphor layer 20 includes a
wavelength-shifting phosphor (first phosphor). The wavelength-shifting phosphor may be dispersed in a transparent
resin. The wavelength-shifting phosphor may be one of the yellow phosphor excited by the excitation light being the
blue light emitted by the light-emitting element 10 to emit the yellow fluorescence, the green phosphor excited by the
blue light to emit the green fluorescence, and the red phosphor excited by the blue light to emit the red fluorescence,
with the peak wavelength of the fluorescence not shorter than 520 nm and shorter than 660 nm, the peak wavelength
of the fluorescence shifting in the same direction when the peak wavelength of the excitation light shifts.

[0019] Thewavelength-shifting phosphorincludedinthe phosphorlayer20 has the peak wavelength ofthe fluorescence
not shorter than 520 nm and shorter than 660 nm. The peak wavelength of the fluorescence of which shifts in the same
direction when the peak wavelength of the blue excitation light shifts. Since the peak wavelength shifts in the same
direction as the peak wavelength of the excitation light, it becomes possible to realize the light-emitting device with small
chromaticity change even when an emission wavelength of the blue excitation light changes,

[0020] Forexample, the wavelength-shifting phosphor is a yellow-green/yellow phosphor which emits yellow-green/yel-
low fluorescence with the peak wavelength not shorter than 520 nm and shorter than 600 nm.

[0021] Yellow-green/yellow phosphor particles are dispersed in a transparent silicone resin, for example, to form the
phosphor layer 20. The phosphor layer 20 absorbs the blue light emitted by the blue LED and converts the blue light to
yellow-green/yellow light.

[0022] The peak wavelength of the fluorescence emitted by the phosphor may be measured with a spectrophotometer,
for example. It becomes possible to find a shift direction of the peak wavelength of the fluorescence by measuring the
peak wavelength of the fluorescence while shifting the peak wavelength of the excitation light applied to the phosphor.
[0023] FIG. 2 is a view illustrating a function and an effect of this embodiment. FIG. 2 is a CIE chromaticity diagram.
Numerical values in the drawing indicate wavelengths of light.

[0024] For example, suppose that the white light-emitting device includes a combination of the blue LED which emits
the excitation light with the peak wavelength of 420 nm and chromaticity of "b1" in the drawing and the yellow-green/yellow
phosphor with the peak wavelength of the fluorescence excited by the blue LED of 565 nm and the chromaticity of "y1"
in the drawing. The chromaticity of white color emitted by the white light-emitting device is on a first line segment
connecting "b1" and "y1" and is "w1" in the drawing, for example.

[0025] Suppose that the peak wavelength of the excitation light of the blue LED shifts to a long-wavelength side from
420 nm to 470 nm and the chromaticity thereof becomes "b2" in the drawing. Then, the chromaticity of the light emitted
by the white light-emitting device is on a second line segment connecting "b2" and "y1" (indicated by a dotted line in the
drawing) and the chromaticity changes to "w2" in the drawing, for example; that is to say, a color shift problematically
occurs.

[0026] The peak wavelength of the excitation light of the blue LED shifts due to increase in temperature of the blue
LED, for example. Alternatively, this shifts due to manufacturing variation of the blue LED, for example.

[0027] In this embodiment, the wavelength-shifting phosphor, the peak wavelength of the fluorescence of which shifts
in the same direction when the peak wavelength of the excitation light shifts, is applied as the yellow-green/yellow
phosphor. Herein, to shift in "the same direction" is intended to mean that the peak wavelength of the fluorescence of
the phosphor shifts to the long-wavelength side when the peak wavelength of the excitation light of the blue LED shifts
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to the long-wavelength side, and that the peak wavelength of the fluorescence shifts to a short-wavelength side when
the peak wavelength of the excitation light of the blue LED shifts to the short-wavelength side.

[0028] For example, when the peak wavelength of the excitation light of the blue LED shifts to the long-wavelength
side and the chromaticity of the excitation light changes from "b1" to "b2" in the drawing, the fluorescence of the yellow-
green/yellow phosphor also shifts to the long-wavelength side such as 570 nm, and the chromaticity of the fluorescence
changes from "y1" to "y2" in the drawing. In this case, the chromaticity of the white color emitted by the white light-
emitting device is on a second line segment connecting "b2" and "y2" and the Chromaticity approaches "w1" before the
shift of the excitation light. Therefore, the problem of color shift is inhibited.

[0029] In this manner, the peak wavelength of the wavelength-shifting phosphor shifts in the same direction as the
shift of the peak wavelength of the excitation light in this embodiment. According to this, the chromaticity change due to
the shift of the peak wavelength of the excitation light is compensated and the chromaticity change may be inhibited.
Therefore, it becomes possible to realize the light-emitting device with small chromaticity change even when the peak
wavelength of the excitation light shifts.

[0030] Meanwhile, the excitation light and the fluorescence are selected such that there is an intersection point of the
first line segment connecting a point on the chromaticity diagram of the excitation light and a point on the chromaticity
diagram of the fluorescence before the shift of the peak wavelength of the excitation light and the second line segment
connecting a point on the chromaticity diagram of the excitation light and a point on the chromaticity diagram of the
fluorescence after the shift of the peak wavelength of the excitation light. In other word, the light-emitting element and
the phosphor are selected such that there is the intersection point. According to this, it becomes possible to inhibit the
color shift problem.

[0031] Meanwhile, the peak wavelength of the fluorescence of the wavelength-shifting phosphor of this embodiment
is not shorter than 520 nm and shorter than 660 nm. As is clear from the chromaticity diagram in FIG. 2, the chromaticity
does not change in a direction to compensate the chromaticity change in the excitation light even when the peak
wavelength of the fluorescence becomes longer under this range. Also, the chromaticity change is small and a compen-
sation effect of the chromaticity change cannot be sufficiently obtained even when the peak wavelength of the fluorescence
becomes longer above this range.

[0032] The peak wavelength of the fluorescence of the wavelength-shifting phosphor desirably shifts by 20 nm or more
when the peak wavelength of the blue light being the excitation light shifts from 420 nm to 460 nm. This is because, with
the shift by 20 nm or more, it is possible to sufficiently compensate the chromaticity change in the excitation light even
when this is large. Meanwhile, an upper limit of a shift amount of the peak wavelength is desirably not more than 50 nm.
This is because there is concern about the color shift due to a too large shift of the peak wavelength of the fluorescence
above this range.

[0033] The yellow-green/yellow phosphor is desirably the yellow-green/yellow phosphor represented by following
general equation (1). This phosphor is a so-called sialon (SIAION) phosphor containing silicon (Si), aluminum (Al),
oxygen (O), and nitrogen (N).

(Sr1x1Cey41)a1AISi1Oc4Ny1 (1)

[0034] Meanwhile, in general equation (1) described above, x1, a1, b1, ¢1, and d1 satisfy following relationships. 0 <
x1<1,06<a1<0.952.0<b1<3.9,0<c1<0.45,4.0<d1<5.0.

[0035] Theyellow-green/yellow phosphorrepresented by general equation (1) described above is a desirable phosphor
because of a large change amount of the peak wavelength of the fluorescence when the peak wavelength of the blue
excitation light changes. According to the yellow-green/yellow phosphor represented by general equation (1) described
above, it is also possible to shift the peak wavelength of the fluorescence by 20 nm or more when the peak wavelength
of the blue light being the excitation light shifts from 420 nm to 460 nm.

[0036] FIG. 3 is a view illustrating a wavelength shift amount of the yellow-green/yellow phosphor represented by
general equation (1) described above. The wavelength and normalized light intensity are plotted along the abscissa and
the ordinate. An intensity profile of the fluorescence when the peak wavelength of the blue light being the excitation light
is changed from 420 nm to 460 nm at 10 nm intervals is illustrated.

[0037] As is clear from FIG. 3, the peak wavelength of the excited fluorescence of the yellow-green/yellow phosphor
becomes longer as the peak wavelength of the excitation light becomes longer. The peak wavelength of the fluorescence
is 528 nm when the peak wavelength of the excitation light is 420 nm and 550 nm when this is 460 nm. Therefore, the
peak wavelength of the fluorescence of the wavelength-shifting phosphor shifts by 20 nm or more when the peak
wavelength of the blue light being the excitation light shifts from 420 nm to 460 nm.

[0038] Meanwhile, a case in which the yellow-green/yellow phosphor is used as the wavelength-shifting phosphor is
described as an example in this embodiment. However, the wavelength-shifting phosphor is not limited to the yellow-
green/yellow phosphor. For example, itis also possible to use the green phosphor or the red phosphor as the wavelength-
shifting phosphor. It is also possible to combine a plurality of types of wavelength-shifting phosphors.
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[0039] It is also possible to add the green phosphor or the red phosphor which emits another color to the yellow-
green/yellow phosphor of the wavelength-shifting phosphor in this embodiment. According to this, it becomes possible
to adjust the chromaticity of the light-emitting device 100.

[0040] The green phosphor (second phosphor) represented by following general equation (2) is desirably added as
the green phosphor. The phosphor is the so-called sialon phosphor.

(Srq.x2EU2) 22AISIp0:oNgp (2

[0041] Meanwhile, in general equation (2) described above, x2, a2, b2, ¢2, and d2 satisfy following relationships. 0 <
x2<1,093<a2<1.3,4.0<b2<58,0.6<c2<1.0,6.0<d2<11.

[0042] The red phosphor (third phosphor) represented by following general equation (3) is desirably added as the red
phosphor. The phosphor is the so-called sialon phosphor.

(Srq.x3EUy3)AISin303Ny3 (3)

[0043] Meanwhile, in general equation (3) described above, x3, a3, b3, ¢3, and d3 satisfy following relationships. 0 <
x3<1,0.6<a3<0.95,2.0<b3<3.9,0.25<c3<0.45,4.0<d3<5.0.

[0044] Especially, whenthe sialon green phosphor or the sialon red phosphor is added to the sialon yellow-green/yellow
phosphor in the same phosphor layer 20, phosphor particles have similar particle diameters and shapes, so that dis-
persibility of the particles at the time of manufacture of the phosphor layer is improved. Therefore, the phosphor particles
are uniformly distributed in the phosphor layer 20. Therefore, it becomes possible to realize the light-emitting device
with uniform emission intensity and chromaticity distribution.

Second Embodiment

[0045] A light-emitting device of this embodiment includes a light-emitting element emitting blue excitation light and a
first phosphor excited by the blue excitation light and emitting fluorescence. A peak wavelength of the fluorescence is
not shorter than 520 nm and shorter than 660 nm and the peak wavelength of the fluorescence shifting in the same
direction when a peak wavelength of the blue excitation light shifts. The first phosphor is one of a yellow phosphor
emitting yellow fluorescence, a green phosphor emitting green fluorescence, a yellow-green/yellow phosphor emitting
yellow-green/yellow fluorescence and a red phosphor emitting red fluorescence. In addition, the light-emitting device of
this embodiment includes a light-adjusting mechanism to change emission intensity of the light-emitting element.
[0046] The light-emitting device of this embodiment is similar to that of the first embodiment except that the light-
adjusting mechanism is provided. Therefore, description of contents overlapped with those of the first embodiment is
not repeated.

[0047] FIG. 4 is a schematic diagram illustrating a circuit configuration of the light-emitting device of the embodiment.
A white light-emitting device in which the blue excitation light emitted by the light-emitting element and the yellow
fluorescence emitted by a yellow-green/yellow phosphor are mixed to emit day white color (color temperature of 5000
K) is described as an example.

[0048] A light-emitting device 200 of this embodiment is provided with a light-emitting unit 70 and a light-adjusting
mechanism 80 electrically connected to the light-emitting unit 70. The light-adjusting mechanism 80 is inserted between
the light-emitting unit 70 and a power supply 90. Meanwhile, the light-emitting unit 70 has a configuration similar to that
of the light-emitting device 100 of the first embodiment.

[0049] The light-adjusting mechanism 80 has a function to change the emission intensity of the light-emitting unit 70
to desired intensity. The light-adjusting mechanism 80 is provided with a control circuit 82 and a bidirectional thyristor
84. The light-emitting device 200 is the light-emitting device which adjusts light by amplitude control.

[0050] For example, a timer value in the control circuit 82 is set by a light-adjusting knob not illustrated to change
timing to turn on the bidirectional thyristor. According to this, a current value input to a blue LED of the light-emitting unit
70 by the control circuit 82 changes depending on a changing power supply waveform. Therefore, intensity of the
excitation light emitted by the blue LED of the light-emitting unit 70 changes and the intensity of the fluorescence emitted
by the phosphor of the light-emitting unit 70 also changes along with this. Therefore, the emission intensity of the light-
emitting unit 70 is changed to the desired intensity.

[0051] When the current value input to the blue LED changes, the peak wavelength of the excitation light emitted by
the blue LED might significantly shift. According to this embodiment, even when the peak wavelength of the excitation
light emitted by the blue LED significantly shifts, the peak wavelength of the fluorescence emitted by the wavelength-
shifting phosphor shifts in the same direction as the peak wavelength of the excitation light. Therefore, chromaticity
change by the shift of the peak wavelength of the excitation light emitted by the blue LED is compensated and the light-
emitting device with small chromaticity shift is realized.
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[Example]
(Example)

[0052] A sialon phosphor (Srj ggCeq ¢)-Al3Si;O4 N3 was used as a yellow-green/yellow phosphor and a sialon phos-
phor (Srgy ggEUg 2)2Al3Si;O4N4 3 was used as a red phosphor, and mixture of them at a weight ratio of 5:1 was dispersed
in a resin. The resin in which the yellow-green/yellow phosphor and the red phosphor were dispersed was applied on a
sapphire substrate and this was put in a 150°C-environment for 30 minutes for hardening the resin. In this manner, a
phosphor layer was formed on the substrate. An application amount of the resin was adjusted to adjust chromaticity,
and a light-emitting device which generates white light was obtained.

[0053] Meanwhile, the sialon phosphor (Srj g5Ce( 0),Al3Si;O4N 5 has a peak wavelength of fluorescence not shorter
than 520 nm and shorter than 600 nm and the peak wavelength of the fluorescence shifts in the same direction when
the peak wavelength of excitation light shifts.

[0054] FIG. 5is a view illustrating chromaticity change of the light-emitting device of an example. Chromaticity when
the peak wavelength of the blue LED is 430 nm and the chromaticity when this is 450 nm were compared. The chromaticity
in the case of 430 nm was "W," in the drawing and that in the case of 450 nm was "W," in the drawing. Difference in
chromaticity was 0.02 for Cx and 0.02 for Cy.

(Comparative Example)

[0055] A light-emitting device similar to that of the example except that YAG:Ce is used as a yellow phosphor was
manufactured. Meanwhile, with YAG:Ce, a shift of a peak wavelength of fluorescence is scarcely confirmed in regard
to the shift of the peak wavelength of excitation light.

[0056] FIG. 6 is a view illustrating chromaticity change of the light-emitting device of a comparative example. Chro-
maticity when the peak wavelength of a blue LED is 430 nm and the chromaticity when this is 450 nm were compared.
The chromaticity in the case of 430 nm was "W_4" in the drawing, and that in the case of 450 nm was "W," in the
drawing. Difference in chromaticity was 0.02 for Cx and 0.03 for Cy.

[0057] An effect of the present disclosure to inhibit the color shift is confirmed by comparison between the example
and the comparative example.

[0058] The white light-emitting device is described as an example in the above-described embodiment. Especially,
the present disclosure is effective in the white light-emitting device in which the chromaticity of the emitted light sensitively
responds to the chromaticity change in the blue excitation light. However, application of the present disclosure is not
limited to the white light-emitting device and this may also be applied to a green light-emitting device and a red light-
emitting device, for example.

[0059] Although a single-layer phosphor layer is described in the above-described embodiment, a structure in which
a plurality of phosphor layers is laminated is also possible.

[0060] Although the silicone resin is described as an example of a transparent base material of the phosphor layer,
any material having high excitation light permeability and high heat resistance may be used. As such material, an epoxy
resin, an urea resin, a fluorine resin, an acrylic resin, a polyimide resin and the like may be used in addition to the silicone
resin, for example. Especially, the epoxy resin and the silicone resin are preferably used because of ease of purchase
and handling and a low cost thereof, Also, glass, a sintered body and the like may be used in addition to the resin.
[0061] While certain embodiments have been described, these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions. Indeed, the light-emitting device described herein may
be embodied in a variety of other forms; furthermore, various omissions, substitutions and changes in the form of the
devices and methods described herein may be made without departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms or modifications as would fall within the scope and spirit
of the inventions.

Claims
1. Alight-emitting device, comprising:

a light-emitting element emitting blue excitation light; and

a first phosphor excited by the blue excitation light and emitting fluorescence, a peak wavelength of the fluo-
rescence being not shorter than 520 nm and shorter than 660 nm, the peak wavelength of the fluorescence
shifting in the same direction when a peak wavelength of the blue excitation light shifts, the first phosphor being
one of a yellow phosphor emitting yellow fluorescence, a green phosphor emitting green fluorescence, a yellow-
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green/yellow phosphor emitting yellow-green/yellow fluorescence and a red phosphor emitting red fluorescence.
The device according to claim 1, wherein the first phosphor is the yellow-green/yellow phosphor.

The device according to claim 1, wherein the peak wavelength of the fluorescence of the first phosphor shifts by 20
nm or more when the peak wavelength of the blue excitation light shifts from 420 nm to 460 nm.

The device according to claim 1, wherein the first phosphor is the yellow-green/yellow phosphor represented by
general equation (1), where x1, a1, b1, c¢1, and d1 satisfy relationships of 0 <x1 <1, 0.6 <a1<0.95,20<b1<
3.9,0<c1<0.45, and 4.0 <d1 < 5.0, respectively.

(Sr1x1Cex1)a1AlSIL 101Ny (1

The device according to claim 4, further comprising a second phosphor being a green phosphor represented by
general expression (2), where x2, a2, b2, c2, and d2 satisfy relationships of 0 <x2<1,0.93<a2<1.3,4.0<b2<
5.8,0.6 <c2<1.0,and 6.0 <d2 < 11, respectively.

(Srqx2EUx2) 22AISIHp0oNgo (2)

The device according to claim 5, further comprising a third phosphor bring a red phosphor represented by general
expression (3), where x3, a3, b3, c3, and d3 satisfy relationships of 0 <x3 <1, 0.6 <a3<0.95,2.0<b3<3.9,0.25
<3 <0.45, and 4.0 < d3 < 5.0, respectively.

(Srq.x3EUx3) 23AISiL30:3Ng3 (3)

The device according to claim 1, further comprising a light-adjusting mechanism changing emission intensity of the
light-emitting element.

The device according to claim 1, wherein there is an intersection point of a first line segment and a second line
segment, the first line segment connecting a point on a chromaticity diagram of the blue excitation light and a point
on the chromaticity diagram of the fluorescence before the shift of the peak wavelength of the excitation light, the
second line segment connecting a point on the chromaticity diagram of the blue excitation light and a point on the
chromaticity diagram of the fluorescence after the shift of the peak wavelength of the blue excitation light.

A light-emitting device, comprising:

a light-emitting element emitting blue excitation light; and

a first phosphor excited by the blue excitation light and emitting fluorescence, the first phosphor being one of
a yellow phosphor emitting yellow fluorescence, a green phosphor emitting green fluorescence, a yellow-
green/yellow phosphor emitting yellow-green/yellow fluorescence and a red phosphor emitting red fluorescence,
wherein

there is an intersection point of a first line segment and a second line segment, the first line segment connecting
a point on a chromaticity diagram of the blue excitation light and a point on the chromaticity diagram of the
fluorescence before the shift of the peak wavelength of the excitation light, the second line segment connecting
a point on the chromaticity diagram of the blue excitation light and a point on the chromaticity diagram of the
fluorescence after the shift of the peak wavelength of the blue excitation light.

The device according to claim 9, wherein the first phosphor is the yellow-green/yellow phosphor.

The device according to claim 9, wherein the peak wavelength of the fluorescence of the first phosphor shifts by 20
nm or more when the peak wavelength of the excitation light shifts from 420 nm to 460 nm.

The device according to claim 9, wherein the first phosphor is a yellow-green/yellow phosphor represented by
general equation (1), where x1, a1, b1, ¢1, and d1 satisfy relationships of 0 <x1 < 1,0.6 <a1<0.95,20<b1<
3.9,0<c1<0.45, and 4.0 <d1 < 5.0, respectively.

(Sr1x1Cex1)a1AlSiH10:1Ny1 (1)
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The device according to claim 12, further comprising a second phosphor being a green phosphor represented by
genera! expression (2), where x2, a2, b2, ¢2, and d2 satisfy relationships of 0 <x2 < 1,0.93<a2<1.3,4.0<b2<
5.8,0.6 <c2<1.0,and 6.0 <d2 < 11, respectively.

(Sr1x2EUy2) 22AIST,50oNgp (2)
The device according to claim 13, further comprising a third phosphor bring a red phosphor represented by general
expression (3), where x3, a3, b3, c3, and d3 satisfy relationships of 0 <x3 <1, 0.6 <a3<0.95,2.0<b3<3.9,0.25
<3 <0.45, and 4.0 < d3 < 5.0, respectively.

(Sryx3EUy3)43AIST,303Ny3 (3)

The device according to claim 9, further comprising: a light-adjusting mechanism configured to change emission
intensity of the light-emitting element.
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FIG.3
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